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Abstract 
The Accreditation Board for Engineering and Technology (ABET) has issued a number of general guidelines for assessing 
continuous improvement (Criterion 4) but does not endorse any particular method or process for doing so. As a result, many 
universities seeking accreditation from the organization have developed their own methods to fulfill that particular criterion. The 
objective of this paper is twofold: 1) to present and review critically a number of methods used by ABET-accredited engineering 
programs for assessing continuous quality improvement, and 2) to present and argue in favor of a new and more efficient method 
based on cohort analysis. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 
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1. Introduction 
A useful way to look at engineering programs is as simple closed-loop control systems that include inputs, 
processes, outputs, and feedbacks(see Fig. 1). More precisely, they are collections of objects that receive inputs and 
act upon them to produce specific outputs. Information about the output is used to adjust the process. In engineering 
programs, the objects include the facilities, the faculty, the staff, and the curricula. The inputs are high school 
graduates. The outputs are the students who have graduated. The process is the training. The feedback is the 
information and statistics that are gatheredduring the training and after graduation about the knowledge, skills, 
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values, and performance of the students. Feedback comes from the graduate students’ employers, called external 
customers, and from the instructors themselves at different stages of the programs, called internal customers. 
Accordingly, second semester instructors are the internal customers of the first semester and third semester 
instructors are the internal customers of the second semester instructors. Employers and society at large are the final 
external customers who receive the end product of the system.  
 
 
Fig. 1.Engineering Program as a System. 
The challenge that is faced by engineering programs seeking accreditation from the Accreditation Board for 
Engineering and Technology (ABET) is to prove that student outcomes is well measured and a well-thought-out and 
efficient method is used to continually improve the performance of the institution. ABET has issued a number of 
general guidelines for assessing continuous improvement (Criterion 4) but does not endorse any particular method or 
process for doing so. As a result, many universities seeking accreditation from the organization have developed their 
own methods to fulfill that particular criterion. The methods differ in cycle period for assessment, assessment 
duration, objects of assessment, and tools of assessment. 
2. Brief literature review 
Mourtos (2006) described the design and implementation of a systematic process in the Aerospace and 
Mechanical Engineering Programs at San Jose State University. This process involves analyzing each outcome into 
elements, defining a set of attributes for each element, selecting outcome indicators and performance targets, and 
developing special tools for accurate assessment of student skills. Koh, Rodriguez-Marek, & Talarico (2009) 
described the assessment approach tested in the Computer Engineering Technology program at Eastern Washington 
University. The originality of this approach lies in the indication of the course learning outcomes corresponding to a 
particular problem in each assignment given to the students. Gurocak, Chen, Kim, & Jokar (2009) described the 
assessment process established for Mechanical Engineering program at Washington State University Vancouver. 
The authors explained the steps to follow in order to define a set of measurable performance criteria for each student 
outcome and the weighted average that they had developed. Abu-Jdayil, Al-Attar, & Al-Marzouqi (2010) proposed 
to combine direct and indirect assessment tools in order to measure student outcomes in the chemical and petroleum 
engineering programs at the United Arab Emirates University. For that purpose he assigned the following weight 
factors: curriculum, 30%; employer survey, 25%; internship, 5%; capstone courses,10%; alumni survey 20%; exit 
exam, 5%;  and student assessment of Course, 5%.  Harvey, Krudysz, & Walser (2010) described the direct 
assessment process adopted by engineering programs at the City College of New York. This process is based on 
development of performance criteria and rubrics to assess outcomes. The authors recommended methods for the 
direct assessment of professional outcomes. Dahm (2011) described the assessment approach implemented at 
Rowan University Chemical Engineering department. This assessment approach makes efficient use of faculty time 
by focusing on two upper level courses in curriculum. These courses are summative of a variety of courses taken in 
lower levels. The main advantage of this approach is that it leverages existing activities and does not necessitate the 
collection of large amount of data. 
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Menhart (2011) discussed the assessment methods used by the Department of Engineering Technology at the 
University of Arkansas at Little Rock and concluded that direct assessment provides an authoritative measure of 
student outcomes and indirect assessment can complement direct measures but cannot replace them. Memon, Harb, 
& Khoja(2012) described the assessment process of student outcome in the Electrical Engineering Department of 
United Arab Emirates University. In the adopted approach, specialization-specific courses are grouped into baskets. 
Once outcomes are calculated for all the baskets, then averaging across all baskets is used to generate the overall 
program outcome values. Koohang & Smith (2012) described a systematic approach implemented at the School of 
Information Technology at Macon State College in Macon, Georgia, USA. In this approach, one summative course 
is chosen for each student outcome and assessment is based on two-year cycle collection of data. The major 
disadvantage of the methods outlined above is that they focus on cycle period for assessment, assessment duration, 
and tools of assessment, rather on the students, despite ABET’s admonition that “it is important that the cohort being 
used for data collection be representative of the range of students in the program.”  In the remainder of the paper, a 
new cohort based assessment of student outcomes is discussed and an example of how it can be applied successfully 
is provided.  
3. Cohort based assessment 
The modern definition of quality focuses on the reduction of variability. Variability may be caused by two types 
of causes: common causes that are inherent to the system and assignable causes that can be identified by appropriate 
tools and eliminated in order to improve the quality of the products. While this definition is widely accepted in 
industry, it is difficult to use in the education field because of a lack of tools that may be useful to find out the 
assignable causes of variation in the intended outcome. Addressing systematically the causes that are responsible for 
the nonattainment of any student outcomes is important for the successful implementation of continuous quality 
improvement. The majority of the methods that are used for the assessment of student outcomes in different 
engineering programs assume that failure is due the curriculum. Consequently, the proposed solutions is either to 
add a prerequisite course or to modify the content of the existing courses. For example, the  ability to design a 
system, component, or process to meet desired needs within realistic constraints such as economic, environmental, 
social, political, ethical, health and safety, manufacturability, and sustainability (outcome “C” of ABET) is one of 
the most important measure of an engineering program preparing graduates to pursue a creative and productive 
engineering career. Generally the capstone design project is given to the student at the last year of study. In this kind 
of project, students are asked to resolve a practical and open-ended problem in industry rather the kind of theoretical 
problems they are used to during their course work.  If, during the third and fourth year of study, a student had not 
been well prepared for the engineering practice, his capstone design project will be not be successful and outcome 
“C” is not be achieved by the student. This example is a typical case where the assignable cause of nonattainment of 
the outcomes is related to the curriculum. However, not all cases of nonattainment are due to flaws in the 
curriculum; it may be due to other factors such the different constituents of the learning system and the students 
themselves. The use of cohort in the assessment of student outcomes facilitates the identification of the assignable 
causes within the learning process. A cohort can be defined as a group who share a common characteristic over a 
certain span of time, for example the first group of graduates in 2013 can be considered a cohort. Graduating at the 
same time is what they have in common. The reason for using the concept of cohort as part of the assessment 
method is to obtain  an unbiased estimation of the student outcomes from one cycle of assessment to another. 
Sources of bias are more often than not either variability within the assessed group of students during one cycle of 
assessment, or variability between the different groups of students assessed in the various cycle of assessment. To 
obtain a better estimation of student outcomes of a group of student, it is important to make sure that the method that 
is adopted fulfills the necessary condition of assessment, i.e., t the students come from the same learning process. 
This condition minimizes the first type of bias mentioned above. The second type of bias can be minimized by using 
a method that reduces the number of uncontrollable factors that affect the learning level of students. For this 
purpose, the method proposed in this paper 1) focuses on a first-year cohort of students and, 2) only the students 
who are enrolled in a particular program will be considered. By doing so, the different constituents of the learning 
system are the same for the students who are the objects of the assessment. Accordingly, the comparison between 
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the results of student outcomes assessments is going to be clearer clear and interesting and it is going to make it 
easier to explain why an intended outcome has or has not been achieved. In such a case it will be possible to 
construct a relationship between the controllable factors that have been changed and the outcomes that are achieved. 
In this sense, studying the outcomes gained of cohorts from different run periods can indicate if the quality of the 
average student outcomes has increased or decreased. For example, two cohorts (cohort I and cohort II) coming 
from the same program are compared over a period of 3 years. After evaluation, the results concerning student 
outcomes were, in average, 55% and 65% for Cohort I and II, respectively. Using cohort analysis makes it possible 
to compare two process of learning and determine, for example, that if there has been improvement and the 
performance of the instructor, facilities, course prerequisite requirement, etc. have changed; then, these are the 
causes of the improvement. 
4. Application 
The Industrial Engineering (IE) Department ofNorthern Borders University was founded in 2008 with the 
assistance of the King Abdulaziz University located in Jeddah. It offers a Bachelor of Science in Industrial 
engineering. Currently the Department has 10 faculty members and an enrollment of more than forty undergraduate 
students. It is part of the school of Engineering which is also home to four other departments: Civil Engineering, 
Electrical Engineering, Mechanical Engineering, Chemical Engineering, and MaterialScience Engineering. In 2013, 
the Industrial Engineering Department produced its first graduates. Since its inception to date, several administrators 
and instructors have attended seminars and workshops to prepare them for the ABET accreditation process. The 
following are examples of topics of workshops and seminars attended by the faculty and staff of the university: 
x Program objectives review. 
x Assessment and evaluation of Student Outcomes 
x Direct and indirect methods of assessment. 
x Design of program binders. 
x Design of course binders. 
Among the most important issues discussed by the faculty committees during some of the workshops was the 
method to use to assess student learning (ABET- Criteria 3). After deliberation, the participants agreed to use the 
cohort method as the most appropriate data-based decision procedure for the assessment of student outcomes. 
Among the most important reasons for adopting such approach were: 
x The impact of the preparatory year on students’ performance has encouraged the IE department to adopt the 
cohort method for student assessment. The IE students have to finish three semesters before they are allowed to 
take courses in industrial engineering. During those three semesters, students take courses in mathematics, 
physics, chemistry, languages, and humanities. These courses have a critical effect on the students’ academic 
performance.However, most of the instructors who teach prerequisite courses are adjuncts. As a result, the 
outputs often differ from one year to another. To avoid fluctuation factors on the assessment process, it is 
necessary to consider using the same cohort of students in all achievement studies.  
x The engineering faculty is in the process of improving the research facilities of the university and make sure that 
the students of all the departments enjoy the same laboratory privileges. Because different groups of students 
from different departments do not always have the same access to university resources, it is imperative that cohort 
analysis be used. 
x Another important advantage of using the cohort method is for the improvement of the industrial engineering 
curriculum on sound foundations. To use information about students coming from different programs of study 
will not help identify weaknesses and remedy them.  
x Another factor concerns the fact that students in their fifth year select three elective courses. However, the 
elective courses that are offered change constantly. It is necessary, therefore, in order to obtain accurate data to 
use a cohort method,  
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The assessment approach adopted by IE department was based on the following: 
x The use of two types of assessment tools, direct and indirect. 
x The conduct of an assessment every three years.  
x The last three years of the IE program (3rd, 4th and 5th years) are the focus of the assessment. 
x The third year is assigned a weighting factor of 3. The second and third years are assigned weighting factors of 2 
and 1 respectively.  
The conditions that must be satisfied for a student to be included in the assessment process are: 
x To belong to the 2008 cohort (0900XXX ID number) to be considered for the first assessment cycle and to the 
2011 cohort (201XXX ID number) to be considered for the second cycle. 
x To be enrolled in the IE program. The number of students who both fulfill the first condition and are enrolled in 
the IE program is 11 for the first cycle of assessment and 13 for the second. 
x  To have taken courses with the prefix “IE.”  
In the 2010-2011 academic years, two courses have been taken into consideration for each semester: IE 201 and 
IE 331 for the 1st, and IE 256 and IE 341for the second. In 2011-2012, IE 311 and IE 352 were used for the first 
semester, and IE 411 and IE 451 for the second. The only course that was taken into consideration for the summer 
semester of 2012 was IE 390. The most important year for assessment is the graduation year (2012-2013). For that 
year, the study focused on IE 415, IE 423, IE 431, Elective I (IE 412) and the capstone design project (IE 499), for 
the first semester; and IE 441, IE 453, Elective II (IE 433), and Elective III (IE 452) for the second. During the 
current academic year (2013-2014), the 2nd cycle started according to the selected courses and their corresponding 
semesters. It is important to point out that another course, Engineering Economics (IE 255), has been added for the 
first time to the list of courses to be used in the assessment. Of the 11 students who enrolled in the IE program when 
it was inaugurated in 2009, only 5 graduated in the spring of 2013. The faculty of the Industrial Engineering 
department discussed at length the reasons for these dismal results. A questionnaire was, then, distributed to the 
students who failed to graduate in 10 semesters. It indicated that the only thing those students had in common was 
their reluctance to major in industrial engineering. Indeed, at the end of the third semester, students are given a form 
and asked to choose among five programs of study: electrical, mechanical, civil, chemical and industrial engineering, 
and rank their preferences. None of the 11 students made IE his or her first choice. They joined that program because 
they did not qualify for the others; the placement of students in particular programsis based on the Grade Point 
Average (GPA) of the first year and each program accepted a maximum of 15 students. In November 2013, an 
instructor who joined the department of industrial engineering in September 2012gave a lecture about the industrial 
engineering and explained what it involves. Soon after, 10 students made it their first choice. This indicates that 
students did not choose IE as their major because they were ill-informed about it. This example confirms that the 
proposed approach for the assessment of student outcomes matches the situation for the case study very well. 
5. Conclusion 
To have a well-thought-of continuous quality improvement plan and act upon it is crucial for ABET accreditation. 
However, even though ABET makes the measurement and evaluation of students’ achievement essential elements of 
the continuous improvement of the quality of education, it does not recommend any specific method for doing so. As 
a result, several methods of measurement have been proposed and used in engineering programs. All the methods 
reviewed in this paper have their advantages. They all, for example, provide invaluable information about 
assessment duration and tools of assessment. They all, however, suffer from a major flaw: they do not focus enough 
on students who are the real subjects of assessment and thus do not satisfy all the ABET requirements.  For this 
reason, a new approach based on cohort of first year in university is proposed. The reasons for adopting this 
particular methodare discussed in the case study and an example of improvement as the result of its application is 
provided. 
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